Objectives: To determine whether a golf specific warm up programme (both immediately prior to play and after performing it five times a week for 5 weeks) improved performance in 10 male golfers compared with 10 controls matched for age, sex, and handicap. Methods: Twenty male golfers were matched for age (¡2 years) and handicap (¡1 stroke). Club head speed was assessed by two dimensional video analysis in a laboratory setting. In week 1, all golfers performed 10 strokes. In weeks 2 and 7, the controls underwent the same procedure as in week 1. The exercise group performed the golf specific warm up followed by their 10 strokes. Between weeks 2 and 7, the exercise group performed the specially designed warm up five times a week for 5 weeks. Results: The mean club head speeds of the exercise group improved at each testing week. Between weeks 1 and 2, golfers in the exercise group improved their club head speed on average by 3-6 m/s (12.8%), and between weeks 1 and 7, they increased their club head speeds by 7-10 m/s (24.0%). With the exception of one golfer whose club head speed varied by 1.7 m/s, the mean club head speeds of the golfers in the control group hardly varied over the testing period (range: 0.3-0.8 m/s). A significant difference (p = 0.029) was found between the mean club head speeds of the exercise and control groups over the duration of the study, and a significant interaction over time (p,0.001) was also found. Conclusions: This study has shown that golfers' performances will be significantly improved by undertaking a golf specific warm up programme compared with not performing the warm up.
T he term warm up is defined as a period of preparatory exercise in order to enhance subsequent competition or training performance. 1 The purpose of a warm up is to prepare the body both physiologically and psychologically, while at the same time reducing the risk of injury. 2 A number of studies were conducted in the 1950s-1970s to investigate the effects of warming up. [3] [4] [5] [6] [7] Approximately 60% of these studies found some type of warm up to be superior to no warm up, approximately 11% found no warm up to be superior, and approximately 29% found no significant difference between different types of warm up and no warm up. 8 In interpreting these studies, however, an important consideration is that most had major faults. Often there was no control group, the research was based on a poor study design, or the participants used were inappropriate. 3 4 6 7 9 Nevertheless, the weight of evidence suggests that warming up prior to play will improve performance compared with doing nothing at all.
Warming up is widely promoted as an important performance enhancing and injury prevention measure for both amateur and professional golfers. 10 Even though this has not been formally evaluated in golfers, numerous recommendations for the most appropriate warm up routine have been presented in the golfing literature. 11 The differences in the suggested warm up times range from 4 to 45 minutes, and the warm up routines suggested also differ considerably. To date, there have been no scientifically sound studies determining whether warming up prior to playing golf reduces injury risk or improves performance.
Four studies have investigated the effect of conditioning programmes on performance in golfers; [12] [13] [14] [15] however, these all have limitations in their basic design. The main fault, other than not having a control group, is that none of the studies validated (or even explained) the tests and outcome measures used. This makes it difficult to determine whether the exercise programme actually improved golf performance, rather than just showing general strength and flexibility improvements. The purpose of this study was to undertake a controlled study to investigate the effects of a golf specific warm up and conditioning programme on club head speeds in amateur adult male golfers.
METHODS

Participants
Twenty male golfers participated in this study. The golfers ranged in age from 23 to 64 years (mean 39.6) and had a range of handicaps from 12 to 27 (mean 19.8). All golfers were matched according to age (¡2 years) and handicap (¡1 stroke) (table 1). After the matched pairs were identified, participants were randomly placed in either a control or exercise group. Informed written consent was obtained from each participant prior to data collection, and each participant was debriefed following completion of the study. The Deakin University human research and ethics committee approved this study.
Warm up and conditioning programme
A warm up routine and conditioning programme specifically for golf was developed by analysing golf articles and determining the most commonly recommended stretches. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Information about the major muscles used during a golf swing using electromyography was also used to ensure that these muscles were covered by the stretching routine. [29] [30] [31] [32] [33] [34] [35] [36] The warm up was checked by a sports medicine doctor and a golf physiotherapist to ensure all exercises were safe and effective.
The warm up programme consisted of three parts. Firstly, there were four exercises of approximately 15 seconds each, with the purpose of increasing body temperature. These exercises were performed briskly to get the body moving and included exercises such as windmills and trunk twists. Secondly, there was a series of nine static stretches, which focused on stretching the major golf muscles: three for the shoulder, one for the lateral trunk/lower torso area, one for the hamstrings/lower back, one for the chest, two for the wrist, and one for the forearm. Each stretch was required to be performed twice on each side of the body and was held in its final position for at least 5 seconds. Finally, 30 seconds of air swings with a golf club were performed, with a gradual increase in range of motion and vigour.
Apparatus
The experimental arrangement used in the indoor laboratory was as follows. The golf mat was placed 2.2 m from the rear wall and 2.2 m from the side wall. The net was set up 1.95 m from the golf mat so as not to interfere with the swing, but to catch the ball and immediately drop it to the floor, so that the ball would roll back towards the golfer rather than being flung straight back at them.
A stationary high speed camera (Redlake MotionScope PCI 500S) was set up directly in line with the golf mat, and was operated at a frequency of 250 Hz (125 frames per second) and a shutter speed of 1/500 s. Prior to each session, the camera was re-calibrated to ensure that reference points were available for digitising. The calibration pole was placed at two reference points on the edge of the filming area to supply reference points for filming.
A pre-trigger function was used to enable the collection of video footage to be triggered at the end of a movement, such as at the end of the follow through phase of the golfers' swing. This ensured that the video images saved also included the video footage prior to the trigger-that is, the downswing and ball impact.
Videotape footage of the golfers' swings was analysed using the software Video Expert 2. Exact measurements and dimensions of the test area needed to be calculated before any analyses could be performed. The Video Expert 2 program calculated the club head speed upon impact by taking the speed of the club head in the frame prior to ball contact, upon ball contact, and in the frame immediately after ball contact, and then reported on the exact club head speed upon impact. The point used for digitising was the point on the club where the shaft joined the club head. The Video Expert 2 program allowed for frame by frame movement, so that the exact reference point was located during digitising.
Experimental design A 5 week testing schedule was chosen because other studies have shown that changes in performance can occur over that time, 5 14 and, for compliance reasons, the study was chosen to be as short as possible. Table 2 shows the testing schedule with intervention 1 corresponding to performing the warm up immediately prior to performance and intervention 2 corresponding to performing the warm up programme five times a week for 5 weeks.
In week 1, participants reported to the test site with their own 5 iron club. Participants were instructed to place themselves in front of the tee when they were ready to begin, and then to perform one air swing to ensure they were correctly lined up. When the golfers were ready to begin they were told that, ''you have hit a great tee off shot, which has landed in the middle of the fairway. You have decided to use your 5 iron and are to hit as far and as accurately as possible, while maintaining your normal stroke''. Participants then performed 10 swings to hit a real golf ball, with a 1 minute break between strokes.
In week 2, the control group underwent precisely the same procedure as in week 1. The exercise group began by performing only five swings so that a measure of club head speed prior to warming up was obtained, which would then be compared with baseline values. The exercise group golfers were shown how to perform the warm up exercises, instructed with the same scenario as before and then performed their 10 swings. After completing the 10 swings, the exercise group were given a copy of the exercises and told that these were to be performed before golf play and practice, as well as at home, so that in total the exercises were performed five times a week for 5 weeks. The exercise group members were also asked to complete a diary record of their golfing activities including how often they performed the warm up each week.
In week 7, the control group again performed 10 swings without prior exercise, and the exercise group performed five swings without any prior exercise, then performed the warm up programme, and finally performed 10 swings. The five swings were compared with baseline levels to show the magnitude of improvement after performing the warm up programme for 5 weeks. The 10 swings were used to determine the magnitude of improvement in club head speed due to performing the warm up programme over time when compared with baseline levels.
Data analysis
All data was double entered into SPSS software and checked. Frequencies and basic descriptive statistics were generated for the golfers' mean club head speeds, frequency of play, handicap, and age. The repeated measures test was performed to determine whether there was a difference between the exercise and control groups' mean club head Exercise  23  40  46  50  56  26  28  27  61  63  Control  25  41  47  52  56  25  29  28  61  64  Handicap  Exercise  12  14  16  16  18  19  25  24  27  27  Control  13  14  17  17  17  18  24  25  27 27 speeds, and to determine whether there was an interaction over time (that is, if there was a different relationship between mean club head speed and time in the groups).
RESULTS
Club head speeds were measured for each participant in the control group on three occasions over the 7 week period in weeks 1, 2, and 7. Fig 1 shows the mean of the control group's 10 swings in weeks 1, 2, and 7. There was no evidence of fatigue or learning effects within this group over the 7 weeks. With the exception of participant 10, whose mean club head speeds varied by 1.7 m/s, the rest of the group hardly varied their mean club head speed on a week to week basis (range 0.3-0.8 m/s).
From the diaries, no golfer increased their frequency of play over the 5 weeks, and 80% of the golfers performed the warm up programme five times a week; the other golfers performed the warm up 425 times a week. Fig 2 shows the exercise group's mean club head speeds over the testing period. Figure 2 shows that the exercise group's mean club head speed improved at each testing week. The five swings in week 2 obtained similar values to the week 1 baseline values, which is to be expected as no intervention had yet been introduced. After performing the warm up in week 2, each golfer improved their mean club head speed showing the immediate effects of the warm up programme. In week 7, after performing the five swings with no warm up, the golfers' mean club head speed had improved upon their baseline speeds, but not to the extent that the speeds were faster than after performing the warm up in week 2. This suggests that there was a slight conditioning effect when performing the warm up programme.
In week 7, the golfers also performed 10 swings after undertaking the warm up programme and again every golfer increased their mean club head speeds further. Fig 2 clearly shows that performing the warm up programme prior to play was better than not doing any prior exercise, but performing the warm up programme five times a week over a period of time produces the best results in improving club head speed. Fig 3 shows the means of the two groups over the 7 week testing period, and indicated two trends. Firstly, the exercise group's mean club head speeds increased over the three different testing periods whereas the control group data did not. This suggests that the intervention of the warm up programme was responsible for the increased club head speeds obtained by the exercise group. This trend is further supported because each golfer in the exercise group was matched with a golfer in the control group; therefore, there were no age, sex, or handicap effects. Secondly, the exercise group data not only had a large increase between weeks 1 and 2 (suggesting that performing a warm up prior to play is beneficial), but another large increase was obtained between weeks 2 and 7. The most likely explanation for this is that by performing the warm up programme 425 times a week for 5 weeks, performance is improved even more than just performing it immediately prior to play or practice.
A significant difference was found (p = 0.029) between the two groups. A significant interaction was also found between the groups over the 7 week testing period (p,0.001).
DISCUSSION
To determine the immediate and short term effects of performing a warm up programme, 20 golfers were matched according to age (¡2 years), gender, and handicap (¡1). Ten of these golfers formed a control group, with the other 10 forming the exercise group. Between weeks 1 and 2, golfers in the exercise group improved their club head speed by 3-6 m/s (12.8%) by performing the warm up immediately prior to their 10 strokes; this increased speed equates to a decreased handicap of approximately four shots. The suggested decrease in handicap can be calculated from a previous study that validated club head speed as a measure of performance. 8 Between weeks 1 and 7, golfers in the exercise group improved their club head speed by 7-10 m/s (24.0%). This improvement occurred after performing the warm up programme prior to the 10 swings after having performed it 425 times a week for 5 weeks. This improvement equates to a decrease in handicap of approximately seven shots. These results show that by performing a warm up immediately prior to performance and over a period of time, golfers' club head speeds are likely to increase. The golfers in this study were not followed up after the last testing session was completed, so it is unknown whether their handicaps actually had decreased after the study.
As the golfers in this study were evenly matched for age, gender, and handicap, it is likely that the results obtained by the exercise group are due to the warm up programme rather than external factors. The results are further enhanced because the control group did not significantly improve their club head speed over the 7 week period. With the exception of one participant, the mean club head speeds of the control group did not vary more than 0.8 m/s over the three testing periods. The outlying participant's mean club head speeds varied by approximately 1.7 m/s; however, this was not a progressive increase. The highest value was obtained in week 2, rather than week 7, suggesting that it could be an inconsistency in the participants' swing rather than a learning effect. The five swings that were performed by the exercise group in week 7 were measured as having faster club head speeds than their initial baseline speeds. However, these speeds were not faster than those obtained after warming up. This suggests that performing the warm up, a conditioning programme over a 5 week period will increase golfers' baseline club head speeds, and means that a conditioning effect can occur and that golfers can improve their club head speed even more than by just performing a warm up immediately prior to play or practice. As the lowest handicap in this study was 12, it is possible that the improvement would not be as large with lower handicap golfers.
The warm up routine developed for this study only aimed at improving the golfers' long game. It needs to be determined whether a golfer's short game can also be improved with this warm up procedure. Unfortunately, we were unable to measure accuracy using this study design, so although the increases in club head speed correlated with decreased handicaps, this was without accuracy measures that may play a part in ultimately decreasing handicaps. Finally, it is unknown how long the effects of the warm up last, and thus this should be investigated further.
CONCLUSION
While practice is essential for perfecting the golf swing, data from this study suggests that sport specific conditioning is also valuable. Present findings indicate that a golf specific conditioning programme undertaken 425 times a week for 5 weeks using the protocol outlined was associated with significant improvements in club head speed in this group of golfers. As yet, there has been no evaluation concerning the benefits of a warm up with regards to injury prevention, which is the next logical step following on from this study.
